
Antimicrobial Resistance Reporting: 
CP-CRE and Candida auris

Sara McNamara, MPH, MT(ASCP)

Surveillance for Healthcare-Associated and Resistant Pathogens Unit

Michigan Department of Health and Human Services 



Antimicrobial Resistant 
Reportable Diseases
• Carbapenem-producing, 

carbapenem-resistant 
Enterobacteriaceae (CP-CRE)

• Candida auris

• Vancomycin 
Intermediate/Resistant 
Staphylococcus aureus 
(VISA/VRSA)

• Unusual occurrence, outbreak, 
or epidemic



Carbapenemase-producing 
Carbapenem-resistant 

Enterobacteriaceae (CP-CRE)



What are CP-CRE?

• Enterobacteriaceae – enteric bacteria, gram negative bacilli

• Carbapenems – class of broad-spectrum, β-lactam antibiotics

• Used for the treatment of resistant infections

• Only 4 carbapenems:  doripenem, ertapenem, imipenem, and meropenem

• Carbapenemases – enzymes that break down carbapenem antibiotics
• Often encoded on plasmids which can be shared between different bacteria



Risk Factors for CP-CRE

Older age Antibiotic 
use

Multiple 
healthcare 
exposures

Acute care

Long-term care

Outside US

Recent surgery

Indwelling 
devices

Catheters

Ventilators

PEG tubes

Comorbid 
conditions

Cardiovascular 
disease

Diabetes

Chronic lung 
disease

Renal disease



CP-CRE Reporting

• Reportable disease in Michigan starting January 2018

• Surveillance definition endorsed by CSTE/CDC, nationally notifiable

• CP-CRE cases are reported using the Michigan Disease Surveillance 
System (MDSS)
• Web-based communicable disease reporting system for the state of Michigan

• Cases can be reported by:

• Electronic laboratory report (ELR)

• Manual case entry



CP-CRE Reporting Requirements

• Laboratories, infection prevention and Local Health Departments are required to 
report all cases of CP-CRE according to the following criterion for Klebsiella spp., 
E. coli, or Enterobacter spp.:

• Healthcare record contains a diagnosis of Carbapenemase-producing 
Carbapenem-resistant Enterobacteriaceae (CP-CRE), KPC, NDM, OXA-48, IMP 
or VIM or other novel carbapenemase  

• Any isolate of Klebsiella spp., E. coli, or Enterobacter spp. demonstrating 
carbapenemase production by a phenotypic test (e.g., Carba NP, CIM, mCIM) 

• Any isolate of Klebsiella spp., E. coli, or Enterobacter spp. with a known 
carbapenemase resistance mechanism (e.g., KPC, NDM, OXA-48, IMP, VIM, or 
other carbapenemase gene) by a recognized molecular test (e.g., PCR, Expert 
Carba-R) 



CP-CRE Reporting Requirements

• If laboratories are unable to detect CP-CRE, (i.e., cannot test for 
carbapenemase production (phenotypic) or resistance mechanism 
(molecular test):
• Report any isolate of Klebsiella spp., E. coli, or Enterobacter spp. with a 

minimum inhibitory concentration (MIC) of any of the following:

• ≥4 mcg/ml for Meropenem

• ≥4 mcg/ml for Imipenem

• ≥4 mcg/ml for Doripenem

• ≥2 mcg/ml for Ertapenem



Carbapenemase and 
Resistance Mechanism Testing

• Laboratories are strongly encouraged to submit CRE isolates to the 
MDHHS Bureau of Laboratories
• Confirm organism identification

• Perform modified carbapenem inactivation method (mCIM) testing

• Perform PCR testing for KPC, NDM, OXA-48 like, IMP, VIM
• If mCIM or PCR are positive, antimicrobial susceptibility testing (AST) will be performed



MDHHS Bureau of Laboratories Report

Phenotypic test

Molecular test



CP-CRE Case Classification

Confirmed CP-CRE
• Klebsiella spp., E. coli, Enterobacter spp.

• Positive phenotypic test or
• Positive carbapenem resistance mechanism

Suspect CP-CRE 
• Klebsiella spp., E. coli, Enterobacter spp.

• Resistance to at least 1 carbapenem
• No phenotypic or molecular testing done

Not a Case
• BOL report is negative for phenotypic and molecular tests
• All carbapenems are susceptible (MICs don’t match case definition)
• Not Enterobactericeae

CSTE Case definition
https://wwwn.cdc.gov/nndss/conditions/carbapenemase-producing-carbapenem-resistant-enterobacteriaceae/case-definition/2018/

https://wwwn.cdc.gov/nndss/conditions/carbapenemase-producing-carbapenem-resistant-enterobacteriaceae/case-definition/2018/


Does this Isolate Meet 
Reporting Requirements? 

≥100,000 CFU/ml Klebsiella pneumoniae, see comment

Comment: Carbapenem resistant Enterobacteriaceae. 
Carbapenemase producer. KPC detected.

Antibiotic MIC Interpretation

Ampicillin ≥32 Resistant

Ampicillin/sulbactam ≥32 Resistant

Aztreonam ≥64 Resistant

Cefazolin ≥64 Resistant

Cefepime 2 Resistant

Ceftriaxone 8 Resistant

Ertapenem ≥4 Resistant

Gentamicin ≤2 Sensitive

Levofloxacin ≤1 Sensitive

Meropenem ≥16 Resistant

Piperacillin/tazobactam 64 Intermediate

Tobramycin ≤2 Sensitive

Trimethoprim/sulfamethoxazole ≤2 Sensitive

✓ Klebsiella pneumoniae
✓ Carbapenemase production
✓ KPC carbapenemase gene 

detected
✓ Ertapenem MIC ≥ 4 
✓Meropenem MIC ≥ 16

= Confirmed CP-CRE Case



Does this Isolate Meet 
Reporting Requirements? 

≥100,000 CFU/ml Enterobacter cloacae, see comment

Comment: Carbapenem resistant Enterobacteriaceae. 

Antibiotic MIC Interpretation

Ampicillin ≥32 Resistant

Ampicillin/sulbactam ≥32 Resistant

Aztreonam ≥64 Resistant

Cefazolin ≥64 Resistant

Cefepime 2 Resistant

Ceftriaxone 8 Resistant

Ertapenem 2 Resistant

Gentamicin ≤2 Susceptible

Levofloxacin ≤1 Susceptible

Meropenem 1 Susceptible

Piperacillin/tazobactam 64 Intermediate

Tobramycin ≤2 Susceptible

Trimethoprim/sulfamethoxazole ≤2 Susceptible

✓ Enterobacter cloacae
X No phenotypic or molecular 

carbapenemase testing 
reported

✓ Ertapenem MIC = 2
X Meropenem MIC = 1

= Suspect CP-CRE Case



Does this Isolate Meet 
Reporting Requirements? 

≥100,000 CFU/ml Escherichia coli, see comment

Comment: Carbapenem resistant Enterobacteriaceae.

Antibiotic MIC Interpretation

Ampicillin ≥32 Resistant

Ampicillin/sulbactam ≥32 Resistant

Aztreonam Resistant

Cefazolin Resistant

Cefepime Resistant

Ceftriaxone Resistant

Ertapenem Resistant

Gentamicin ≤2 Sensitive

Levofloxacin ≤1 Sensitive

Meropenem Resistant

Piperacillin/tazobactam 64 Intermediate

Tobramycin ≤2 Sensitive

Trimethoprim/sulfamethoxazole ≤2 Sensitive

✓ Escherichia coli
X No phenotypic or molecular 

carbapenemase testing 
reported

? Ertapenem and meropenem 
reported as ‘Resistant’ but 
no MIC value reported

= Can not tell if it meets the 
case definition or not



Tips for CP-CRE Reporting

• Confirm the organism identification
• Klebsiella spp., Escherichia coli, Enterobacter spp.

• Check for phenotypic carbapenemase testing 
• ‘Carbapenemase detected’ or ‘Carbapenemae not detected’
• Confirm the method used: mCIM, CarbaNP, MBL test

• Check for molecular carbapenemase testing
• KPC, NDM, OXA-48, VIM, IMP

• Confirm carbapenem MIC values
• Doripenem, imipenem, or meropenem ≥ 4 µg/ml; or ertapenem ≥ 2 µg/ml
• If there are no MIC values reported (e.g., “Resistant”) or no carbapenems 

reported in MDSS, call the laboratory and ask to speak to a bench technologist



CP-CRE Case Investigation Form

• CRE Investigation Form Sections
• Patient Information

• Demographics

• Laboratory Testing

• Clinical Information

• Antimicrobial Therapy



CP-CRE Laboratory Testing
• Laboratory Testing information is required 

to determine case classification

• Date collected

• Specimen source

• Organism

• MIC 
• need actual numerical value

• Carbapenemase testing 
• e.g., mCIM, CarbaNP

• Resistance mechanism testing
• e.g. PCR, Carba-R



CP-CRE Clinical Info

• Healthcare exposures
• Acute care, long-term care

• Travel
• Location

• Healthcare abroad



CP-CRE Cases Reported to MDSS
Jan 2018 – Mar 2019

189, 45%

234, 55%

Confirmed Suspect



CP-CRE Cases Reported to MDSS
Jan 2018 – Mar 2019
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CP-CRE Cases by Organism
Jan 2018 – Mar 2019

Organism

CP-CRE Cases

Confirmed (n=189) Suspect (n=234) Total (n=423)

Klebsiella spp. 126 (67%) 95 (41%) 221 (52%)

Klebsiella pneumoniae 118 73 191

Klebsiella aerogenes 4 15 19

Klebsiella oxytoca 3 7 10

Klebsiella variicola 1 0 1

Enterobacter spp. 36 (19%) 68 (29%) 104 (25%)

Enterobacter cloacae 36 66 102

Enterobacter asburiae 0 1 1

Enterobacter hormaechei 0 1 1

Escherichia coli 27 (14%) 71 (30%) 98 (23%)



Confirmed CP-CRE Cases by Mechanism
Jan 2018 – Mar 2019

78%

5%

4%

2%

1% 1%

9%

KPC NDM OXA-48 VIM IMP NDM & OXA-48 Phenotypic Only



CP-CRE Cases by County
Jan 2018 – Mar 2019

Confirmed and Suspect CP-CRE Confirmed CP-CRE only

1-25 cases
26-50 cases
51-94 cases

1-10 cases
11-20 cases
21-37 cases

*based on county of residence



Candida auris



Candida auris is a Public Health Concern

• Recent worldwide emergence

• Highly drug-resistant yeast

• It can cause serious, invasive infections 
associated with high-mortality rates

• It is difficult to identify

• It can spread easily in healthcare settings

R

A Fungal Superbug!



Discovery of Candida auris

2009  2010 2011 2012 2013 2014 2015

Japan South 
Korea

India South Africa
Kenya
Kuwait

Pakistan
Venezuela

Israel
UK



Reports of Candida auris, March 2019

https://www.cdc.gov/fungal/candida-auris/tracking-c-auris.html#world



Clinical Cases of Candida auris, March 2019

https://www.cdc.gov/fungal/candida-auris/tracking-c-auris.html#world

U.S. Cases Reported
643 Clinical Cases

1123 Screening Cases



Antifungal Resistance is Common

>90% 35% 7%

Azoles Echinocandins Polyenes

• >40% multi-drug resistant
• A few isolates resistant to all three classes

Lockhart et al. Clin Infect Dis 2017;64:134-140



Candida auris Causes Invasive Infections

• ~50% of clinical cases had bloodstream infections

• Candidemia associated with 30-60% mortality rates

Forsberg et al. Med Mycol. 2019;57(1):1-12



Risk Factors for Candida auris

Older age Multiple 
healthcare 
exposures

Long-term care

Acute care

Outside US

Antifungals 
and 

antibiotics

Indwelling 
devices

Catheters

Ventilator

PEG tube

Comorbid 
conditions

Cancer

Diabetes

Renal Disease

Recent surgery



Candida auris Identification Can Be Difficult

• Phenotypic characteristics are not 
sufficient for identification

• Many yeast identification methods 
may not correctly identify C. auris
• Misidentification of species
• No identification

• Yeast isolates may not be identified, 
especially in non-invasive sites
• >40% of U.S. clinical cases were 

identified from non-bloodstream isolates 
(e.g., urine, wounds) Candida auris on CHROMagar Candida, 

displaying multiple color morphs



https://www.cdc.gov/fungal/diseases/candidiasis/pdf/Testing-algorithm-by-Method-temp.pdf



Candida Testing Available

• Labs can send isolates to MDHHS BOL → ARLN

• Isolates to send:
• Any confirmed or suspected Candida auris isolates
• Candida glabrata from normally sterile sites 

(including serial isolates from patients receiving 
antifungal treatment)

• Multi-drug resistant Candida isolates
• Unusual Candida species (any species other than 

albicans, C. parapsilosis, C. dubliniensis, C. 
lusitaniae, C. tropicalis, C. krusei)

• Any Candida species that was unable to be 
identified after a validated method was attempted



Candida auris Colonizes Skin & Other Body Sites 

• Colonization is a risk for: 

• Invasive infections

• Transmission to other patients

• Duration of colonization can be prolonged

• Higher rates of colonization in high-acuity 
long-term care facilities



Slide courtesy of Chicago Department of Public Health. 



Slide courtesy of Chicago Department of Public Health. 



Slide courtesy of Chicago Department of Public Health. 



Candida auris Can Persist in the Environment



Routine Disinfectants Not as Effective 

Cadnum et al. ICHE 2017; 38:1240-1243



Candida auris is Now a Reportable Condition

• June 2018 - CSTE position statement for standardized C. auris case 
definition and national notification of cases was passed

• January 1, 2019 - C. auris was made a reportable condition in Michigan

https://cdn.ymaws.com/www.cste.org/resource/resmgr/ps/2018ps/18-ID-05_Dec2018_Update.pdf



Candida auris Reporting Requirements

• Please report any laboratory finding that meets either of the following 
criteria: 
• Detection of C. auris in a specimen using either culture or a culture-independent 

diagnostic test (CIDT) (e.g., Polymerase Chain Reaction [PCR])

• Detection of an organism that commonly represents a C. auris misidentification 
in a specimen by culture (i.e., Candida haemulonii)

• Laboratories shall immediately submit confirmed or suspect C. auris 
isolates, subcultures, or specimens from the patient being tested to 
the MDHHS Lansing laboratory (Required)



Candida auris Reporting in MDSS

• At this time, base case form is available
• Expecting to have a C. auris specific form 

by late 2019/early 2020

• Important information to collect:
• Demographics

• Laboratory testing results

• Where specimen was collected

• Healthcare facility exposures
• Long-term care residence

• Tracheostomy/ventilator use

• Travel history: International and Domestic

• MDRO status



CDC Guidance for Novel MDRO Containment

• Response to single cases of 
resistance

• Goal to slow the spread of novel or 
unusual MDROs or resistance 
mechanisms

• Contact Investigation
• Screening roommates
• Screening broader healthcare 

contacts
• Prospective and retrospective lab 

surveillance
• Assessment of infection control 

practices

https://www.cdc.gov/hai/containment/guidelines.html



Screening Recommendations

• Close contacts of C. auris patients

• Patients with overnight stay in a 
healthcare facility outside the U.S. 
in past 12 months

• Patients in high-acuity long-term 
care facilities (e.g., care for 
ventilated patients), especially 
those with CP-CRE or other MDROs



Copanusa.com

Candida auris Colonization Testing

• Must be approved by SHARP unit

• We can assist with obtaining specimen 
collection kits, contact investigation, and 
follow-up

• Testing done through ARLN

• Axilla/groin swab most sensitive sites to 
detect colonization



Infection Prevention for Candida auris

• Place patients in a single-patient room, using Standard and Contact 
Precautions

• Emphasize adherence to hand hygiene

• Clean and disinfect patient care environment and reusable equipment 

• Daily and terminal cleaning with EPA List K products active against  C. difficile

• Inter-facility communication at transfer to another healthcare facility

• Conduct surveillance to detect new cases and ongoing transmission



How Healthcare Facilities Can Prepare for C. auris

• Work with your laboratory to ensure your yeast identification 
method can identify C. auris
• If it cannot, know when to suspect C. auris and send suspected isolates to the 

Bureau of Laboratories for testing through ARLN

• Establish a surveillance protocol with your lab 
• Prompt notification and reporting of confirmed or suspect C. auris isolates to 

infection prevention and public health

• Know which patients in your facility are at higher risk for C. auris
• Request colonization screening for high-risk patients through ARLN

• Develop a facility response plan
• Prompt implementation of infection prevention and control measures



How Local Health Departments Can Respond

• Work with laboratories, healthcare facilities and providers in your 
jurisdiction 
• Prompt notification and reporting of confirmed or suspect C. auris cases

• Facilitate submission of confirmed or suspect isolates to the MDHHS 
Bureau of Labs

• Enter case into MDSS and collect needed laboratory and clinical 
information

• Support implementation of Novel MDRO Containment Strategies
• Reduce transmission of C. auris in healthcare facilities

• SHARP Unit can guide you through this process…



Thank You

Surveillance for Healthcare Associated and Resistant Pathogens (SHARP) Unit 
Michigan Department of Health and Human Services (MDHHS)

(517) 335-8165





Four Distinct Clades of Candida auris

Lockhart et al. Clin Microbiol Newsl. 2017; 39(13): 99-103

South America

South Asia

East Asia

South Africa



U.S. Isolates Related to the 4 Known Clades

Chow et al. Lancet Infect Dis 2018;18:1377-84



Duration of Colonization Can Be Prolonged

Adams et al. EID 2018;24(10): 1816-1824



Higher Colonization Rates in High-Acuity LTCF

• In NY, 572 patients screened in 19 facilities for Candida auris colonization
• 61 (11%) were positive for C. auris

• 19 (31%) admitted to acute care hospital
• 42 (67%) resided at a long-term care facility

• 40 (66%) were at a vSNF

• In Chicago, 1,364 patients screened in 20 facilities
• 92 (6.7%) were positive for C. auris

• Prevalence median (range):
• vSNF - 7.7% (0-43.3%)
• LTAC - 0% (0-14.3%)
• Acute care - 0% (0-6.3%)
• SNF - 0% (0-1.5%)

Adams et al. EID 2018;24(10): 1816-1824

Kerins et al. OFID 2018:5 (Suppl 1) S28 


